viz. that of the equation II3= 0 with the one or other of the equa tions n^O, n2 = 0, in virtue of the equation U = 0 . The transfor mation depends, 1st, on a theorem used by Hesse for the deduction of his second form [I2= 0 from the original form d^O, which theorem is given in his paper " Transformation der Gleichung der Curven 14ten Grades welche eine gegebene Curve 4 ten Grades in den Beruhrungspuncten ihrer Doppeltangenten schneiden," Crelle, t. lii. pp. 97-103 (1856) , containing the transformation in question: I prove this theorem in a different and (as it appears to me) a more simple m anner; 2nd, on a theorem relating to a cubic curve proved in cidentally in my memoir " On the Conic of Five-pointic Contact at any point of a Plane Curve," Phil. Trans, vol. cxlix. (1859) , see p. 385, the cubic curve being in the present case any first emanant of the given quartic curve: the demonstration occupies only a single paragraph, and it is here reproduced; and I reproduce also Hesse's demonstration of the equivalence of the two forms 1^ = 0 and n2=0. In the paper of Sir David Brewster and myself on the lines of the solar spectrum *, attention was drawn to the following among other phenomena:-1st. " When the sun descends towards the horizon and shines through a rapidly increasing depth of air, certain lines which before were little if at all visible, became black and well defined, and dark bands appear even in what were formerly the most luminous parts of spectrum." These we termed " atmospheric lines." We did not wish to express by that term anything beyond the fact above men tioned ; yet we threw out the idea that these lines may have their origin " in the air that encircles our globe."
2nd. In the case of those artificial flames whose spectra " consist of a series of luminous bands separated by dark spaces . . . these luminous bands sometimes coincide with the dark lines of the solar spectrum."
About the same time Kirchhoff'f published his theory that this remarkable coincidence is due to the presence in the atmosphere of the sun of the substances which emit these luminous bands, and their appearance as dark lines is because " incandescent gas becomes reversed, when a source of light of suffi cient intensity, giving a continuous spectrum, is placed behind the luminous gas." It also appears that " sodium vapour at a tempe rature much below that at which it becomes luminous, exerts its absorptive power at exactly the same point of the spectrum as it does at the highest temperatures which we can produce." It is, how ever, as yet an undetermined question at what temperature below that at which it becomes luminous, a gas ceases to absorb; though, from the close connexion which has been shown to exist between emission and absorption, there can be little doubt that such a limit would be arrived at.
This theory of the origin of Fraunhofer's lines, and the uncer tainty just alluded to, suggested the desirableness of comparing the " atmospheric lines " of absorption with the luminous bauds which make their appearance in the linear spectra of the light emitted by the different constituents of the atmosphere when sufficiently heated. If all the rays emitted by these different constituents should be found to coincide with the " atmospheric lines," it would show at once the origin of the lines, and prove that gases at the ordinary temperature will absorb rays of the same refrangibility as those they emit when themselves glowing. If, on the contrary, they should be found not to coincide, it would prove by an extreme case (for we operate thus upon many miles of oxygen and nitrogen gases at least) that this connexion between absorption and emission either does not extend to these elements, or is confined within those narrower limits of temperature which theory seems to require. It was also conceiv able that the atmospheric lines might coincide with the rays emitted, not by all, but by a portion of the constituents of the atmosphere.
Ih e following data exist for this comparison. Angstrom* has delineated the luminous bands due to the gas when the electric spark is sent through nitrogen, oxygen, carbonic acid, hydrogen, &c. Plucker j* has described and measured those bands which appear in the spectra of the same and other gases when they serve as the residuary gas in Geissler's tubes. Under the influence of the elec tric discharge, the vapour of water, carbonic acid, ammonia, and other compounds are decomposed; but it occurred to me that the oxyhydrogen flame must consist partly, if not entirely, of glowing steam, since it is only when the two elements combine that the heat is evolved ; and that similarly the flame of carbonic oxide burning in air must contain the light emitted from glowing carbonic acid. I therefore subjected these two flames to prismatic examination.
The result of the comparison has been that not one of these obser vations shows any accordance between the luminous bands due to the gas, and the dark lines that make their appearance in the solar spectrum when the sun is shining through a great depth of air. Hydrogen alone is inconclusive. Neither is there any accordance between these luminous bands and the more prominent lines of the ordinary solar spectrum.
This shows that oxygen and nitrogen, and perhaps other gases, though in enormous quantity, do not absorb at the ordinary tempe rature rays of the same refrangibility as those they emit when heated by the means specified.
It would not be legitimate to infer from this that the atmospheric lines have not their origin in the absorbent power of one or more of the common constituents of the atmosphere. It is well known that some gases when placed before a continuous spectrum produce lines of absorption ; among these are bromine and iodine vapour ; yet the dark lines caused by these two halogens * do not coincide with the bright lines into which Pliicker found the light of Geissler's tubes containing bromine and iodine to be resolved by the prism ; nor have I succeeded iu reversing them by bringing these substances into a very hot but little luminous flame. Bright lines were discerned, but in other positions. In connexion with this subject, it may be worth noting that a prismatic examination of the sun's rays passing through three inches of mercury vapour at above 300° C., did not afford the least indication of the reversal of the bright rays that appear when that metal is rendered incandescent.
From the fact that the atmospheric lines do not always present the same appearance when the sun is on the horizon, and that the band $ has been observed during a shower, and the most prominent lines during a fog, it has been sometimes supposed that the aqueous vapour in the atmosphere is the cause of them. Yet this can scarcely be. They seem not to be due to little vesicles of condensed vapour; for the sun's rays when passing through the edges of a cloud do not exhibit them, unless, of course, near the horizon. And they seem not to be due to gaseous w ater; for they appear near sunset when the aqueous vapour in the atmosphere is reduced to a minimum by frosty weather, though they are not seen when the sun is higher up in the heavens on a damp warm day. From Sir David Brewster's notes, it appears that February 10,11,12, and 13 of the year 1838 were frosty days; yet the lines were well seen: $, t, rj, C6, C 15, C l6, and D are specially mentioned. On the 13th, when the thermometer stood at 23° F., i is said to have been the most prominent.
In the paper referred to at the commencement, we, in common with most of those who worked on the subject before the appearance of Kirchhoff and Bunsen's paper *, ascribed a bright line coincident with D to other spectra than that of soda. This was no doubt owing to the almost universal trace of that substance.
The electric lights produced between charcoal points by Professor Holmes's magneto-apparatus, and by a galvanic battery with M. Serin's lamp, were found to be identical, when subjected to pris matic analysis. Each exhibited a continuous spectrum, and not those variations of bright and dark which other observers, as well as myself, have noticed in electric lights from charcoal points of but inferior quality. The spectrum extended at both ends beyond that of ordinary direct sunlight, and the only lines which I could discern were bright ones in the violet or lavender region. The following refractive indices were determined for the magneto-electric lig h t; and they are compared with the refractive indices of the nearest principal dark lines of the solar spectrum as determined with the same prism. The relative position of these bright rays and the dark lines in the laven der part of the spectrum, which are only visible in the sun's light under the most favourable circumstances, must not be relied on as accurate, since it was determined by measurement, and not by direct comparison. Possible inaccuracy of adjustment will render the fourth place of decimals quite uncertain. The remarkable extension of the spectrum of this electric light, both at the red and violet ends, is, however, indisputable. It might be expected that the climate of the Arctic Regions during winter, in the absence of the sun, must be almost a dead level of intense cold; but so far is this from being the case, that there is no other place and time where such great and rapid fluctuations of temperature have been observed. This phenomenon is thus mentioned in the appendix to Wrangell's account of his expedition to the Siberian coasts of the Polar Sea :-** Sometimes in the middle of winter a wind from the S.E. by E. causes the temperature to rise suddenly from -24° to +25°, or even + 32°: previously to this, the barometer sinks as much as fourtenths of an inch in the course of eight hours. The S.S.E. wind has no particular influence either on the barometer or thermometer."
In " The Search for Sir John Franklin," published in No. 1 of the 4 Cornhill Magazine,5 occurs the following notice of the same phe nomenon. The * Fox5 was beset by vast fields of ice somewhere in Baffin's B ay:-" December 28. During Divine Service yesterday the wind increased, and towards the afternoon we had a gale from the north-westward, attended with an unusual rise of temperature: today the gale con tinues, with a warm wind from the N.N.W.
" The Danish settlers at Upemavik, in North Greenland, are at times startled by a similar sudden rise of temperature. During the
